Abstract For intersymbol interference (ISI) compensation from communication channels with multi-path fading and impulsive noise, a decision feedback equalizer algorithm that minimizes Euclidean distance of error probability is proposed. The Euclidean distance of error probability is defined as the quadratic distance between the probability error signal and Dirac-delta function. By minimizing the distance with respect to equalizer weight based on decision feedback structures, the proposed decision feedback algorithm has shown to have significant effect of residual ISI cancellation on severe multipath channels as well as robustness against impulsive noise. 
Introduction
Most communication channels are contaminated by Gaussian noise and also impulsive noise [1, 2] . Impulsive noise occurs in communication systems like power line, digital subscriber line systems, mobile radio systems [3] [4] and many types of satellite communication link [5] .
Measurements of the levels of impulsive noise relevant to satellite-mobile radio systems have been reported for rural, suburban, urban environments and roads carrying high density, fast moving traffic [6] . Methods for counteracting multi-path fading and impulsive noise effects are in great demand and channel equalization techniques have been used for that purpose [7] .
Among various adaptive equalizer algorithms, the least mean square (LMS) algorithm [7] employing the minimum squared error (MSE) criterion has been being widely used due to its efficiency. But the LMS algorithm has a drawback that its performance is highly dependent on instant error power and affected by large error values from impulsive noise.
Instead of MSE criterion that utilizes error power, the information-theoretic learning (ITL) method has been introduced based on a combination of a nonparametric probability density function (PDF) estimator for error samples and a procedure to compute information potential [9] . As a robust ITL-type algorithm, the Euclidean distance minimization between PDFs has been introduced by Jeong et al. and applied successfully to the classification problem with a real biomedical data set [10] . The researchers in [10] proposed to reuse the previously acquired training-phase output samples in the test phase so that the test-phase output PDF follows the training-phase output PDF. In the research [11] for blind equalization, the Euclidean distance minimization method is applied using signal power for blind equalization. In the process of developing its unsupervised algorithm, a supervised approach that minimizes Euclidean distance of error probability (MEDE) has been introduced for communication channels with additive white Gaussian noise (AWGN).
In this paper, we investigate the performance of supervised linear MEDE algorithm for channels distorted by multipath fading and impulsive noise. Also we propose a MEDE algorithm with decision feedback (MEDE-DF) for enhanced performance against strong impulsive noise and multi-path fading.
Supervised MSE Criterion and Linear LMS Algorithm
The tapped delay line (TDL) with L taps (weights)
is usually used as a linear structure for equalization. In that structure, input vector impulse shape located at the origin of the PDF of system error [11] .
The term ò
can be treated as a constant c since it is not related with the weights of the adaptive system. So we have
Using the Parzen estimator [8] with Gaussian kernel and a block of N past error samples, the error PDF
can be calculated non-parametrically as
Then the gradient becomes
Now we adopt the gradient descent method for the minimization of cost function (4) with respect
[ Fig. 1 ] Decision feedback equalizer.
to weight, and we have MEDE algorithm for supervised linear equalization [11] as
4. Supervised MSE criterion and linear LMS Algorithm
In order for the MEDE algorithm (7) to be stretched and applied to structures with DF that consist of a feed-forward filter with weight vector 
where the gradients are
Now MEDE algorithm with DF (MEDE-DF) in the expression of weight elements can be rewritten as
It is noticeable that the arguments of Gaussian kernels in MEDE and MEDE-DF algorithms have the effect of cutting out large error values which are mainly induced from impulsive noise.
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Results and Discussion
In this section we compare MSE convergence and steady state error probability of the proposed MEDE-DF algorithm, linear MEDE, LMS and LMS-DF in the multipath channel environments with impulsive noise. The multipath channel models [12] 
The zero-mean white impulsive noise which is added to the channel output has the following probability density [13, 14] 
Conclusion
In this paper, a nonlinear MEDE algorithm with decision feedback is proposed to counteract multi-path fading and impulsive noise. The proposed MEDE-DF algorithm has shown the immunity to impulsive noise and the ability of the feedback filter section to cancel the remaining ISI as well. Also MEDE-DF has shown performance enhancement of above 3 dB of steady state MSE compared with linear MEDE. From the simulation results, we may conclude that MEDE algorithm has a superior resistance to impulsive noise compared to MSE-based LMS algorithm and the proposed DF approach to MEDE algorithm has significant effect of residual ISI cancellation on severe multipath channels as well as robustness against impulsive noise.
